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0BJECT

To compare systematically thc performance of conventional, truncated and tipped
truncated ogival projeciiies over a wide range of taig=t conditions.

sty s
[RAT 0 P

The armor penetration performance of 20 nm models of the 90 mm AP T33 (M318) pro-
jectile has been compared with that of the truncated T33 (FAP)* and the tipped trun-
cated T35 (FAPT)* projectiles over a wide range of target conditions. These conditions
includeda: /8 (V.48 cal), 1/2 (0.63 cal), 5/8 (0.79) cal), 3/4 (0.95 cel), 7/8 (1.11
cal), 1 {3.27 cal}, 1 1/ (1.43 cal) and 1 3/8 (1.75 cal) inch homogeneous (300 to 320
Bhn) armor set at 0°, 30°, 45°, 55°, 60° and 70° obliquities. Specific limit energies*#
were calculated for all protection ballistic limits. By this means, the perforation
efficiencies of the three projectile types cculd be compared on an energy bzsis for

any test, regardless of nosz shape or projectile weight.

Against targets that FAP projectiles defested intact they were superior to the AP
and FAPT types. The superiority of the FAP over the AP on an energy basis ranged from
2 to 60 per cent. The intact FAP were superior to the other two types for all nlate
thicknesses up to 374 inch st 30° and 48° ghliquitics, ior aii plate thicknesses up to
5/8 inch ai 55° and 60° cbliquities, and for 3/8 inch plate at 70° obliquity. However,
the FAP were barely able to defeat 5/8 inch plate at 0° without shattering. Against
heavier targets the FAP shattered and were much inferior to the FAPT and AP.

The FAPT (tipped) projectiles were superior to the FAP when the latter shattered.
However, when bot} types remained intact, the FAPT were inferior to the FAP. ‘The FAPT
were cqual 10 OiF Superiud to the AP for almost 211 of the target conditions investi-
xceptinns were heavy plate at 0° obliquity and thin plate at intermediate ob-
liguaty.
7/8 inch thickcess at 33° and 5/8 inch at ©0° obliquity, Fkor the more difficult high
obliquity targets, the FAPT and AP types appeared to be equal in performance.

FAPT projectiles were superior to the AP against arzor up to and including

Conventional AP projectiles were best in the limited region of very heavy plate
at very iow obiliquity.

Some of these 20 mm penetration results have been conf{irmed by limited firings of
truncated 75 mm AP M338 (T148) shot {1*** truncated conical 120 mm AP T116E2 shot(2)
and tipped truncated 76 mm AP T166 shot. In addition, preliminary results have been

*Theae notations are not official Ordnance designationa but have been used for easv reference.
**Specific limit energy ia defined in the f.rst section of Results and Discuasion.

*v*See Bibliography attached.
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obtained by the US Naval Proving Ground in a progrum sponsored by the Army Ordnance
Department to provide a systemutic compariscn of

the regions of superiority of the AP,

FAP and FAPT types witlh three-inch shot homologous to the 2C mm muicls. These ilimited

firings indicate that {ull caliber shot of these types can be made to show the same

xS

iative penetration performance if adeouate shet hardness and ductility are provided

The foregoing results have shown the usefulness of each one ot the projectile de-

signs for defeat of certain steel armor targets. It is recommended that the truncated
designs alsc he considered for other missiles, such as shells, rockets, and bombs,
which may be made of steel or other materials. Furthermore, it is believed that the
truncated types shouid be investigated for defeat of light alloy aircraft armor at
very high obiiquities,

AUTHOR I ZAT 10N

00 400.112/22325, FA 471.1/1557-1, 10 Dec 45
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IhWTRGOUCT IOH

These tests are part of a general prcgram to develop an improved armor-piercing
oroiectile fo- irse against sloping homogcneous armor at high obliquity. When this
program was initiatea, i* :s recognized that neither the ogival hesaded monobloc snor

s s sl ekt o ae TR 1 a
N Cappta DI TLLIlC 1> L

re

e mesi efficient design for defeuiing saninor at large angies
of attack (greater than 50°). Under these conditions the monobloc projectile breaks
up or ruptures and its energy :s dissipated and wasted over a fairly large arca. How-
ever, 1n rupiuring 1t defeats the piate by a punching process and it is much more effi-
cient!3) than capped projectiles whose bodies tend to remain intact and ricochet. In
ricochet, sc little of the energy of the shot body is used for plate perforation that
the capped projectile is worse under these conditions. It was believed, therefore,

that the problem in seekiro o hctter design was primarily orne of preventing ricochet, (4)

Early in World War II the Naval Proving Ground demonstrated the ability of a
flat-ended cylindricai projectile to dig in and to cause piate failure by punching!5)
with very litvle adverse turning. For conditions where it remains intact, at veloci
tics up to about 15300 fps, the cylindrical projectile is much supericr (o a conven-
tional ogival one in defeating thin plate. However, at higher velocities and against
thicker plate this projectile breaks up. As a result, its perietrating ability usuaiiy

is worse ihan that of the convential projectile,

Modification of the cylindrical shot by tapering the body near the "biting edge”
increases its useful velocity range at hith obliquity by raising its rupture velocity-
almost 1000 fps. Hence, it is able to defeat thicker plate. This shape is usualiy
made by truncating a ccnventional projectile,

A second modification, attachment of a tip (in the form of an ogive) tc the trun-
cated projectile, further increases its effective range several hundred feet per cecond.
This tip has a flat larger than that of the shot body since it appears that the cver-
hanging flat gives more protection to the "bitingz edee” of the body and, hence, rais::

the velocity at which rupture occurs.

From preliminary firing it was .oted that the tipped prciectile is a better pro-
£
s

jectile than the conventicnzl monobloc for scme conditions of attack. However, little
was known of its behavior either at velocities above 3200 fps or av iow and inter-
mediate (less than 50“) angles of obliquity where it wac thought that the monobloc pro-

jectile might be superior.

The primary purpose of this investination is to compare systematically the per-
formance of the conventional AP projectile with that of the new unconventional FAP and

FAPT types over a wide range of target conditions. Comparative data of this sort

*Striking velocity at which projectile faiii:c is firat observed.
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should evaluate the potentielities of the new designs, define the condivions under
which each is superior, and faciliiate testing of other wodified designs exoected to

be capuble of cven better all around performance.

MATERIALS
Projectiles

Types. Three types of 20 mm projectiles were used i this survey. They were:
(a) 20 mm model of the 20 mm AP T33 (M318), (b) truncated Y33 (FAP) and (c) truncated
T33 with a tip attached (FAPT). Diawings and photographs of these projectile types

are included in Figures 1 and 2, respectively.

The conventional AP T33 prcjectile was chosen as a standard beczuse it shows zood
ballistic performance at high obliquity. This desien is used also for the 105 mm AP
T182 and the 126 mm AP T116 projectiles and is simiiar to the 76 ma Al> Ti28 projectile.
It has bews thoroughly tested and its average performence is fairly weil known (e. g.,
Watertown Arsenal caliber .40 and SC wan tcstc)., The weight of the 20 mm AP projectiles

used in this test was 1800 grains.

FAP proj=ctilec were made by truncating the AP projectiles to a flat diameter of
0.650 inch. These projectilcs weighed 1680 grains. FAPT projectiles were made by
brazing® tips to the nose flats of the FAP projectiles. These tips had the shape of
the AP ogive with a fiat diameter of €.72% inch. The FAPT projectiles weighed 1880

graiins.

Although other projectile nose flat and tip flat ccmbinations might be just as .
effective, the 0.650 inch body flat and 0.720 inch tip flat wers chosen for several
reasons. A 0.720 inch diameter tip flat on a 20 mm projectile corrcsponds to the
largest flat on full scale projectiies that easily peramits windshield attachment to
the shot body. Furthermore, previous firings indicated that the tip should overhung
the body nose fiat to Letter protect its biting edre and the bedy flat shouid be as
large as possible without being susceptible to rupture.

Steel and Heat Treatment. One heat of manganese-molybdenum steel {Fed Spec 57-

107-33) was used for ali projectiles. The compesition is contained in Table I.

Table I. Per Cent Composition

c Mn M_o f S §_{ Ni Cr 14
0.74 0.90 1.04 0.20 0.04 .33 0.05 0.15 0.02
*Copper wus used as a brazing material.
2
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To obtain consistent quality for the threec types of projectiles alishot were run
through the controlled atrmosphere furnace that was used to braze the tips for the FAPT

projectiles, The temperature of the furnace was about 2050° F.

Foliowing expoususs to thie elevated temperaturc and coolinjy to room temperature,
all projectiles were austenitized in salt at 15350° F for 10 minutes, quenciwed in brine,
strece relieved for two hours at 250° F and base drawn by tnduction.

Rotating Bands. To avoid degradation of the shot amni Jdifficulty cf interpreta-
tion of rcsults due to pussible quench cracks in the band seat region, all projectile
bodies were machincd without band seats. Instcad of copper rotating bands, ail shot
were provided with Chrvsler Cycleweld C-14 cement rotating bands applied to a 0.60
inch iong base section of 0.770 inch diameter. Although a slight loss in velocity and
accuracy resulted from the use of thesc rotating bands, it was believed that reduction
of projectile band seat failures would outweigh these drawbacks.

Plate
All glates uced in this investigation were rolled homogeneous (class B) armor.
Brinell hardiess velues and Charpy impacit values (-40° V) for the variocus plate thick-

nesses are included in Table II.

Tahle I1. Plates Used in Tests

Thickness Plate Hardness Charpy Impacf‘

(in.) {(Nc. ) (Bhn) (ft-1b at -40° F)
3/8 13 35z-3M 27
3/8 14 ana-321 27
1/2 23 302-311 -
5/8 zi 211-311 15
5/8 22 302-321 18
5/8 29 311-311 15
3/4 34 302-302 12
3/4 43 302-302 12
7/8 47 302- 306 21
7/8 48 302-311 21
i 26 302- 302 17
1 1/8 s 311-321 23
1 3/8 7 310-330 19

*The vaiues listed are not those for the plates listed but are for other plates
of the samc thickness and heat oi steel.
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METHODS
Test Conditions

The test conditions listed in Table III were chosen to give intormation over a
H

t
attack., Thecy bracketed nearly all conditicne proposed far full scale

N

ring. Fmpheasis was on high angle attack but tests also were conducted at low
angles for completeriess. Conditions for which perforation is ditticult a2t the highest
vrlocities attainabie with the special test weapon, and conditions for which the FAP
projectiie perforates intact are included. Target conditions were spaced at fairly
close intervals so that interpolation between experimental results would be feasible.
For some targets only limited firings were conducted so that more test conditions
could be investigated. Additional test conditions were added during the investigation

in order to aid interpolaticn aend to permit the construction of reasonable perforation

curves,

Table III. Test Conditions

iiate Thickness Obiiquity
(in.) (cal) _ (deg)
3/8 0.48 45, 55, 60, 70
1/2 0.63 45
5/8 0.79 0, 30, 45, 55, 60, 70
3/4 0.95 30, 45, 55, 60
7/8 1.1 30, 45, 55. 60
1 1.27 0, 45, 55
11/8 1.43 30, 4s
1 3/8 1.75 0
Firing

All rounds were fired from a 20 mm Mann type test barrel chambered for the T20
(.£0/20 mm) cas¢. For velocities in excess of 3000 fps a special chamber exienzion
was screwed onto the above barrel to accommodate a two-piece, dsuble length case, The
distance from the muzzle of the gun to the plate was 215 feet. Vclocities were meas-
ured on csunter chronograghe nctuated hy three pairs of solenoids. the base line cen-
ters of which were 32, 87 and 132 feet from the plate. Three pairs of solenoids werse
used {0 obtain measurements of the projectile retardation between the centers of the
three base lines. These retardations then wzre used to correct the instrument veloci-
ties to the actual striking veiocities,

CONFIDENTIAL



CONFIDENTIAL

Evaluation

Protection Ballistic Limit. Protection ballistic limits* were usually obtained
witl not more than 50 fps between the velocities for the highest pa:iiai and lowszst
complete penetrations. In order to obtain a ballistic limit when a zone of mixed re-

sults was obtained, tihe velocities for the partial and complete penetrations within
the zone were averaged.

If a shatter gap** with AP or FAPT projectiies was suspcctcd, an attempt was made
to establish 1ts existence and to obtain ballistic limits with both intact and shat-
tered projectiles,

To avoid misinterpretation due to differences in weights among the three types of
projectiles the specific limit energies*** were determined for all ballistic limits

and used for all comparisons of the three types.

RESULTS AHD DISCHSSION

Correlation with Watertown Arsenal Firings

Watertown Arsenal has conducted fairly extensive firings with caliber .40 models
of the 90 mm AP T33 projectile over a range of attack conditions comparable to thoce in
this investigation. In order to determine the extent of agreement between the Frank-
ford Arsenal results at the 20 mm scale and the Watertown Arsenal rzzults at the cali-
ber .40 scale, and to establish the most representative penctration curves. the caliber
.40 results (Table IV)® were scaled to 20 mm and were compared with the 20 mm results.
The results at both scales are piotted in Figure 3. A scale factor of 0.937 was used
to reduce the specific limit energies of the Watertown Arsenal results to compore with
the 20 mm results. Using this scale factor, Watertown Arsenal's and this arsenal’s
results are in excellent agreement, except for plates 1/2 caliber thick which the cali-
ber .4U projectiies perfocrated intact, whereas the 20 mm projectiles shattered. Fxes-
sive ricochet of the caliber .40 pro;ectiles, resulting from the fact that they re-
mained intact, would account for the higher limits of these projectiles. It should be
noted that in the family of curves in Figure 3 the curves for 40°, 45°, 50°, and £5°
obliquities were drawn by means of inteipolation since the 40° and 50° obliquity dat~
were obtained by Watertown Arsenal, whereas the 45° and S5° data were obtained by
Frankford Arsenal.

*Defined according to Ordnance Department Buiietin Nu. 24.44,

**A shaiter gap is a velocity range in ~hich shatter=d or ruptured projestiles foi1l to defeat the
target. At velocities below this range projectiles that remain essentially intact defeat the tearget
and at velocitiea above this renge shattered projectiles defeat the target.

**¢Specific limit energy is defined in the following section.

®Data obtained by personsl communication with Watercown Arsena! lalorestory.
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The curves for intoact projectiles were drawn according io the following formula
which was develuped by the National Physical Laboratory, England for angles of attack
up to 45°.

wv, 2
L 3 11800 54000 7°
—_ =[43./4/§ t/d sec = § + (929-—-) - ——1|
43 L 2 63-0 B ~B J
2
W e
where S = Specific limit energy
d
W = Weight of projectile in pounds
V. = Limit velocity in feet per second
d = Diameter of prcjectile in inches
B = Brinell hardness of plate
t = Thickness of platse

8 = Angle of attack

B = 505 - 160 log,, d_/d2

Q.
i

2 1. 565 inches (diameter of two pounder shot)

This formula agrees well with the 20 mm firing resulis.

Shatter Gap

In cases wh:re the shatter velocity is higher than the ballistic limit for intact
projectiles but lower thun the ballistic limit far shattered projectiles, a shatter gap
occurs {Figure 4). At low veliccities the projectiles failed to perforate the plate an
rebounded intact (Figure 4A). For velocities just above the ballistic limit for intact
shot, the projectiles perforated intact (Figure 4B, 4C). At higher velocities the pro-
jcctiles shattered and incomplete penetrations resulted (Figure 4D). As the velocity
was increased further, the energy was sufficiesnt to perforaie the piate, even with
shattered projectiles (Figure 4E).

Comparison of AP and FAP Projectiles

Comparison between the penetrations of AP and FAP projectiles should be made sepsa
rately for conditions where the FAP remained intact during peretration and for condi-

o

ions whare they chattered,
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Against targets that FAP proiectiles penetrated intact they were much superior to
AP ornjectiles because the sharp "biting edge” of the FAP digs into the plate, thus
reducing ricochet, and because thwe flat surface and sharp edge promote plate failure
by an efficient plugging process. The superiority of the FAF, on un enecrgy Lasis,
ranges from 20 to 6G per cent, as is shown numerically in Teble V, and graphically in
Figures 5 and &, The difference in extent of ricochet betweenn the two types is illus-
trated in Figure 7, where the length of the FAP sccon is 2.0 inches as corpared with
2.8 inches for the AP, For this plate condition, 3/8 inch at 60°, the FAP were 60 per
cent more efficient than the AP, as ‘is shown by the line shaded regions of Figures 3
and 6. The intact FAP were superior to the AP proiectiles for all plate thicknesses
up to 3/4 inch at 30° and 45° obliquities, for all plate thicknesses up to 5/8 inch at
55° and 60° obliquities, and for 3/8 inch plate at 70° obliouity. Howr . er, the FAP
were barely able to defeat 5/8 inch plate at 0° obliquity without shattering. Only
one complete penetration was obtained due to the extremely narrow velocity range in
which complete penetration was possibie with an intact FAP. Penetrations for this

range are shown in Figure 8.

The possiblie existence of & shatter gap wes not investigated for targets that were
defeated by intact FAP projectiles. It is quite likely, however, that had the FAP been
fired fast ciough to shatter there would have been a range of velocities in which they
would have failed to perforate and thus would have proved inferior to the AP projec-
tiles. Against the heavier, more difficult targets the FAP projectiles shattered and
were much inferior to the AP as indicated by the much grea:er specific limit energy

required to Jdefeat these targets (Figures 5 and 6).

The rupture limits®* for FAP projectiies are quite low {Figure %), but in general
increase with increasing obliquity. Figures 10 and 11, which represent firings against
7/8 inch plate at 30° and 45° obliquities, indicate that the transition from intact to
shattered projectiles occurs over a nairow velocity band for a given plate condition.
As stated before, the FAP shot were barely able to defeat 5/8 inch plate at 0° at 1090
fps without shattering (Figure 8). After shattering, the FAP were not able to defest
this target at velocities ag high as 1600 fos. even though they were able to defeat
the same plate at 30° obliquity at 1455 fps in an intact condition. This is considered
rather unusual since the penetration ability of conventional AP shot decreases with
increasing obliquity for the same plate thickness.

Comparison of FAP and FAPT Projectiles

Addition of a tip to fiat rosed projectiles considerably raised the rupture veloc-
ity at normal and very low obliquities (Figure 9). At intermediate and high obliquities,

*Rupture limits are discussed more completely in a subaeguent section.
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Figure 5. Graph of specific limit energy vs plate thickness at
0°, 30° and 45° obliquities for conventional ogival {AP),
truncated ogival (FAP) and tipped truncated ogival (FAPT)
20 mm projectiles
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the increase in rupture vclocity was not large. However, even at these angles, the
tipped projectiles were effective at much higher velocities than were the untipped
ones,

For conditions vhere botiy YAPT and FAP projectiles remained intact, the FAP projec-
tiles were superior to FAPT projectiles, not enly on an energy hasis but also ¢n a
velocity basis, in spite of their lighter weight. This superiority is represented

numcrically in Table V and graphically by the line shaded areas of Figures 5 and 6.

Although the tip on the FAPT projectiles protests the biting edge of the projectile
from shearing and protects the projectile body from rupturing at much higher velocities,
the tip is not required as long as the FAP remains intact. Furthermore, it appears as
if the tip reduces the effectiveness of the FAP when the body remains intact. Since
the tip comprises 11 per cent of the total weight of the FAPT, its mass could be much
more effective if it were part of the projectile body. In addition, the tip may get in
the way ~f the body and interfere with the penetrative action of the biiing edge. It
may also cause the body to ricochet more than the FAP gz indicated by the siightly
longer scoops Jisted in the firing records of the Appendix. These reascns may account
for the higher velocities and greater energies required of the FAPT to defeat the same
targets as the intact FAP,

However, the FAPT were significantly superior to the FAP for target conditions
for which the latter shattered, as can be noted ir. Figures 5 and 6 and Table V. A com-
parison of Figures 10 and 11 with Figure 12 provides an expianation of this superiority.
At velocities slightly above the rupture velocity the untipped projectiles ruptured to
a much greater extent than did the tioped projectiies, at ieast on the side aof the nro-
jectile adjacent to the plate. For examplie, at 2553 fps (Figure 11A) the FAP were
intact (the surface of the scoop is smooth) wiiile only 18 fps faster, at 2571 fps
(Figure 11B), they shattered completely. From Figure 12 the tipped projectiles frac-
tured at 2690 fps while as much as 270 fps faster, at 2960 fps, the extent of smooth
portion of the hole indicates that they did not shatter until they accomplished much of
their penetration.

No shatte:r gaps were observed with FAPT projectilec for target conditions con-
sidered most likely to reveal zuch gaps.

Comparison of AP and FAPT Projectiles
The FAPT projectiles were equsal or superior to the AP projectiles for almost all
of ihe target conditicns investigated (Table V and Figures § and 6). Exceptions tc this
were against heavy (thicker than one caliber) plate at 0° obliquity and against thin
(one-half calibzr) plate at intermediate (45°) obliquity The FAPT were inferior to
the AP agauinst the thicker plate at 0° obliquity because they deformed more and,
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therefore, required more energy for perforaticn than the AP, For thin r!ate at 45°
obliquity the difference in bLallistic limits between the two types was oniv 100 fps,
which is not significant. Against the same 3/8 inch niate at high (55°, 80° and 70°)
obliquities thc FAPT were superior to the AP Ly as much as 44 per cent. This differ-
ence in peretration efficiency against relatively thin armor at high obliquity may be
attributed to the difference in extent of projectile ricochet or scooping illustrated
in Figure 7. Here, against 3/8 inch plate at 60° obliquity the length of FAPT sroon
was about 2.5 inches as compared with 2.8 inches for the AP.

However, for most conditions of oblique attack the advantage of the FAPT type
over the AP lies in its ability to remain intert at higher velocities without suffer-
ing excessive ricochet. The more efficient performance of the FAFT is illustrated in
Figures 13 and 14. Figure 13 compares the performance of the two types fired at the
same velocity against slightly overmatching (7/8 inch) plate at low (30°) obliquity.
From the appearance of the scoop it can be seen t' at the FAPT projectiles were essen-
tially intact during most of the penetration while the AP projectiles shattered early
in the penetration process, even though tic over-all extent of ricochet for both types
is similar. The difference in the extent of damage produced by the two types of pro-
jectiles is emphasized by the appearance of the back of the plate (Figure 13). The
FAPT punched a hole through the plate but the AP produced only s small bulge on thc
back surface. Firings against uncermatching (5/8 inch) plate ai high (60°) obliquity
are compared in Figure 14. fgainsv this target the AP .rojectiles remained intact
during part of the penetration while FAP and FAPT projectiles remaincd intzct through-
out. Figure 15 compares the performance of thc AP and FAPT at similer velocities :
against slightly overmatching (7/8 inch) piate at high (55°) obliquity. Alihough
both tvoes shattered., the FAPT remsined intact longer in the penetration process as
indicated by the lionger, smoother scoop. As a result, the ballieti¢ limit obtained
with the FAPT was 43C fps lower tiian that obtained with tlie AP, Figure 16 shows the
highest partial and lowest complete penetretions obtained with both projectile types
for the same target as Figure 15,

Comparison of AP, FAP and FAPT Projectiles

Three factors which influence projectile penctrating ability are: resistance to
rupture, resistance to ricochet or turning, and type of plate failure which they
induce.

Rupture and Ricochet. Resistance to rupture of a projectile is highly dependent

upon the angle of attack (Figure 9). Rupiure limits for AP, FAP, and FAPT projcctiles

are plotted as a function of obliguity. All plate thicknesses were included without

regard iur possible variations in rupture due ¢+ differcnces in plate thickness. The

penetration efficiency does not currelate with this graph. Since only the projectile .

recoveries were used to determine rupture, the stage of penetration at which projectile G
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failure cccurred is not indicated. From Figure 9 it may be noted that for obliquities
below 30° the AP were most resistant to rupture, the FAPT were intermediate and the
FAP were least resistant. At obliquities above 30° the FAPT were most resistant to

runture  the FAP were int:.mediate and the AP ware leaut resistant to ruoture. At all
angles, except 0°. arZ for intact projectiles, the FAP ricocheted least, the FAPT were
intermediate and the AP ricocheted most. If an AP projectile ruptures, there is less
likelihood of ricochet. For example, at 55° obiiquity and at velocities of about 1800
to 2800 fps the FAP and FAPT remaincd intacy and ricocheted, whereas the AP ruptured
and had the least tendency to scoop. However, at velocities helow 1800 fns, where the

AP remained intact, they made the longest scoops.

Plate Failure. The manner* in which & plate fails depends upon many factors, such
as the physical and metelliurgical qualities of the plate, the angle of immact, the
geometry and caliber of projectiie, and deformation of the projectile. For most of
the conditions in this investigation, plates failed by some type of plug formation.
Exceptions were at low angles zhiere the penetration with AF and FAPT projectiies was
ductile and against 1 1/8 and 1 3/8 inch plate which failed by the ejection of spalls
because of inferior nlate quality. An interesting target condition, for which a dif-
ferent type of plate failure was obtained with each projectile type, was 5/8 inch at 0°
obliquity. Figure 17 shows that, for this target, the AP caused a ductile failure with
formation of petals, the FAP caused plate fsilure by plugging, and the FAPT induced a
failure that showed e tendency for spall formation. The petals dislodged by the AP
have a wiped or sheared appearance, whereas those dislodged by the FAPT have a granu-
lar or fractured appearance svzi a large aiea.

Over-aliBallistic R d previocusly, the balligtic limits and cor-

iis o &

responding specific limit energies obtained with the AP, FAP, and FAPT types for each
target condition are summarized in Table V and plotted in Figures §, 6, 18, and 19.
Figures S and 6 compare the energies necessary to defeat the various targets as a func-
tion of plate thickness for different angles of attack, whereas Figures 13 and 19 com-
parz these energies as a function of obliquity for different plate thicknesses. The
line shaded areas of Figure S show the regions of superiority of the intact FAP pro-
jectiles over both the FAPT and AP types for plate at 0°, 30° and 45° obliquities. Al-
though the FAP were superior against one caliber piaut= at 45° obliquity, they were
scarcely able to defeat 0.8 caliber plate at 0° obliquity. Against heavier targets the
FAP shattered and were much inferior to the AP and the FAPT. As shown by the stippled
region, the FAPT projectiles were generaily superior to the AP, even though the FAPT
shattercd against the heavier targets. The line shaded regions of Figure 6 show the
FAP to be superior to the AP and FAPT at 55°, 60°, and 70° obliquities as long as they

q -

Femaincd intact. Upcn chottss the FAP were much inferior. In the stippled regions of

*A more complete explanstion of various types of piate failure ia given in Frankford Araenal, Pitman-
Dunn Laboratories Heport R-50Z, by R. B. Sawyer, February 1951.
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the greph the FAPT were superior to the A® up to and including 1.1 caliber armor at 55°
and 0.8 caliber armor at 70° obliquity. For the thicker targets the AP and FAPT types
appeared to be equal in performance.

Figure 20 summarizes these firings qualitativeiy in the form of 2 block diagram,
For a certain range of plate thicknesses the FAP tvee was superior to both the other
types for all obliquities from 0° to 70°. Similarly, for a range of greater plate
thicknesses, the FAPT type was superior. The AP type was best in the limited region of
very hicavy plete at very low obliquitvy and was equivalent to the FAPT for the lieaviest
plates tested at the high obliquities, If the hardness and ductility of these three
types were either raised or lowered, some of the ballistic limits and the boundaries of
the zores probably would be different. The performance of the FAP and FAPT types is

expccted to he affected more significantly by such changes than that of the AP.

Figures 18 and 19 show that the specific limit erergy increases linearly, to a

firs{ approximation, as the secant of the angle of attack is raised for all plate thick-
nesses.

Full Caliber Projectile Firings

Some of these 20 mm penetration results have been confirmed by limited firings of
truncated 75 mm AP M338 (T148) shet, truncated conical 120 mm AP T116E2 shot and tipped
truncated 76 mm AP T166 shot. In addition, preliminary results have been obtained by
the US Naval Proving Ground in a program sponsored by the Army Ordnance Department to
provide a svsiematic comparison of the regions of superiority of ths AP, FAP ond FAPT
types with three-inch shot homologrus to the 20 mm models. There is reason to balieve
that large caliber shot of these unconventional types can be made to neriorm as &f
ciently as the 20 wni models.

CIRCLUSIONS

1. No one of the AP, FAP and FAPT projectile designs is consistently superior for
the attack of all types of armor targets.

2. The FAPT iype is geneially cGuivalent or supzarior tc the AP, even though both
types shatter against the heavier targets.

3. For conditinns where FAP projectiles remain essentially intect during penetra-
tion, they are superior to the AP ard FAPT types. At somewhat higher striking veloci-
ties and for targets that FAP projectiles cannot defeat intact, they are much inferior
to the AP and FAPT.

18
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4. Conventional AP projectiles are best in the limited region of very heavy
plate at very low ooliquity and are ecquivalent to the FAPT for the heaviest plates at
the high obliquities.

5. Frevious iimited firings indicate that tul) caliber projectiles of these types
can be made to show the same relative penetration performance as the 20 mm models if
adequate proiectile hardness and ductility are provided.

RECOMMENDATIONS

The foregoing results have showsn the usefulness of each one of the projectile
designs for defeat of certain csteel armor targets. It is recomnended that the truncated
designs also be considered for other missiles, such as shell, rockets, and bombs, which
may be made of steel or other materials. Furthermore, it is believed that the trun-
cated types siiould be investigated for defeat of light alloy aircraft armor at very
high obliquities,

22
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ACOREY 1A
Partial penetration
Complete penetration
Complete penetration
Complete penetration
Complete penetration
No bulge

Yery small bulge
Smzll bulge

Medium bulge

Large bulge

Very large bulge
Cracks

Plug
Plug
Plug
Back
Back
Back
Back
Back
Back
Back
Front petals

out

hanging
started

petals

petals off
petals started
spall

spall started
spall hanging
spall out

Front petals off
t

Fracture
Local shear
Shot not recovered

Army criterion*
Protection criterion*
Navy criterion, shot fractuici®

Navy criterion, shot shattered?

Protection ballistic limit

*Defined according to Ordnance Department Bulletin No. 24-44.

t*Fractions following NI indicste approximate ratio 2f nose fragment to total

shot body.

*e*F-arriona following Bl indicste approximate ratio of base fragment to totasl

ahot body.
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FIRING RECORD

I. Firing against 3/8 Inch Homogencous Armor

A. Firing vs Plate No. 14 (302 to 321 Bhn) at 45° Obliquity

Striking

Velocity Resulis
(fps) Plate Projectile Scoop**
AP T33 - Lot 2160
1703 CP(NF)-PO BI 1/2-LS (1.5 x 0.9)
1567 CP( A&P)-PO BI 1/2-Sh-LS-Fr (1.2 x 0.8)
1431 P(NI)-PO SI (1.2 »x 0.9)
1360* CP( AXP)-FO SI (2.1 x 0.9)
1331* PP-MB SI (2.2 x 0.8)
1310 CP(A)-PS SI (1.8 5 0.9)
PBL = 1345
FAP T33 - Lot 2160F
1309 CP( AxP)-PO SI (1.5 x 0.9)
1255+ (P(ANP)-PO SI (1.4 x 0.9)
1196+ CP{A)-PH SI (1.3 x 0.8)
1100 CP(A)-PS SI (1.0 x 0.9
PBL = 1225
*Bracke-ing velocities used to calculate protactiocn ballistic Fimitn and aparific limit enermies.
**Scoop extent in inches.
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I. Firing against 3/8 Inch Homogeneous Armor (Cont'd)

A. Firing vs Plate No. 14 (302 to 321 Bhn) at 45° Obliquity (Cont'd)

Striking
Velocity Results
( ips) Plate Proj ectﬁ Sroop
FAPT T33
1550 CP(A&P)-PO SI (2.0 x 0.9)
1534* CP(AYP)-PO S1 (1.6 x 0.9)
1517* CP(A)-Ck sI (1.8 x 0.9)
1486 CP(AXP)-FO SI (2.4 x 0.8)
1473%* CP( A&P)-PO s1 (1.9 x 0.9)
1435™° PP-LB-Ck SI (1.7 x 0.9)
1421 PP-MB sI (2.2 x 0.9)
1409* CP(AMP )-Pt SI (2.1 x 0.8)
1378% PP-MB SI (2.1 x 0.8)
1287% PP-SB SI (1.7 x 0.9)
PBL = 1455

D

B. Firing vs Piate No. i3 (302 to 321 Bhn) at 55° Obliquity

w133

2042 CP(NI)-PO SI (2.4 x 0.9)

1978+ CP( AP)-PO Sh-Fr-L3 (1.9 x 0.9)

1950+ CP(A)-PS NI 1/3-Sh-Fr-LS (2.9 x 0.9)

1858 CP(A)-Ck BI 3/5-NI 1/5-Sh-Fr-LS (3.0 x 0.9)
PBL = 1965

+Firing va Plate No. 13 (2 to 12) Bhn).

*Bracksting velocities uasd tn calculate protsctinn ballistic limits and spe.ific limit energies.
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I. Firing against 3'S lmchr Broogemreous Armar {Cont d)

B Firing vs Plate Ms. 13 302 to 321 Pl at 3537 Obliguity <Coatd)

Striksmg
Vefocsry Kesulirs
{ fps) Flate Progectsie Soaap
ﬁ
1385 P &P »-PO SI f1.7 x ©.9%
1365 Py aPy-PO SI 1.6 x ©.9}
1330= CP 3P :-PO SI §1.6 x 0.9}
130 FP-¥8 sI §1.8 x ©.8%
1232 P-MB SI FI.8 x Q.Y
FBL = 1315
FAPT
1617 Ty &P -PO si §2.8 x 6.9y
i581« CP: AP y-PU ST 2.0 x §.9})
1548+ PP-PS Si F1.9 x C.8%
1S%% PC-LB SI f2.9 x B.8Y
PBL = 1355
C. Firing ws Plate No. 13 {302 to 321 Bin} at 60° Cbliquity
-
230 CP{ 229 1-PD Bl 1/3-Sh-Fr-LS §2.9 x D. %)
2237*{Fig T} CP( 38P-FO BI 1/3-Sh-Fr-LS (2.7 x 0.8)
2200 CPfAY-FI Bi 1L/2-Sh-Fr-LS 2.9 = 0.8%
2077 PP-1B-T% Sh-Fr-1S (2.9 x 0.8
1808 PP-3B BI 3/S-¥I 275-Fr £2.9 x €. 8%
FBL = 2220

*Hfracasting wvelnrivies wend Ko calcelate protectise twllistoc Yonntes awas specific lim.t esergies

28
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i. Firine against 3'8 Inch Bonogeneos Arnor §Cont d)

C. PFiring vs Plate NFo. 53 (302 to 321 B5n) at 60° (bliguity {Cont dY

Streksng
Velocs ty Fesulis
{ fps} Plate _Projectile Scoop
FAP
1514 Py P y-PD SI (2.0 x C.9)
1485*7Fig 7} CPy 852 )-PO SI (1.9 x 0.9}
1436* PP-LB Si (2.7 x B.9)
1370 CPyA)-PS 4 | {1.7 x 0.9}
1300 PP-SB SI i2.1 x 0.8)
PBL = 1460
f-itfwT
2194 CP{NF ;-FO - Fr 2.2 = D.9%
1897 Pr AaPy-PO Fr (2.5 x 0.9)
1665 &Py &) -PO SI (2.5 x 0.8)
1632*(Fig T) CP({ ASP ) -PC i 2.0 x G.5)
1600 PP-1E S1 {2.5 x 0.8}
1457 Fr-aB S1 2.4 x 0.9)
PBL = 1515
D. Firing vs Plate Ko. 14 (32 ve 321 BEn) ar 70 Obliquity
Lp
2861 TP/ AR -FO BI 1/35-Sh-Fr-LS (3.4 x 0.9}
2837 Py AP, - P Sh-Fr-LS 12.7 x 0.7)
2760%* P{ 24P -PC Sh-Fr-'.S 3.3 x 0.9)
2760~ Py &)-PS Sh-Fr-LS {3.5 x ©.8)
PBL = 2760

“Brackeriag veloritize wsed to celrslate protertizz bzliczeie lizizts sad specific Jimit =aregies.
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I.

Firimg sgaonst 3'8 Inch Hooogemeous &rowor ¢Cont 'd}

D.

Firing »s Plate Xo.

Seriking
Yelocs ¢y
{ fosy

P

"Bracketing velecities ozed €s caleccinte gratecticm bellistre famits eod specific limit esergies.

Ersults
Piaie &*J}ecti!e
F&p

Py ASF -PO SI
P Asr - PO St
OFf 2&F 1-FO Si
P{&y-PH S1
P 3&P - PO St
CPeA)Y-PH S1
T -38 Y1

PBL = 2280

FAPT

CPf AP -PO ST
CP{ 3aF)-PO S1
CPy( \ar) -PQ SI
¥ -1B-PS S1
PP-LB-Ck SI

°BL = 2303

4 {302 re 321 B} at T3° Obliguity (Cont'dd

Scoop

§3.3 x 0.9}

§3.5 x Q.9
§3.7 x 0.9)
3.4 x 0.9y
£3.7 x 0.9}

§3.4 x G.8}%

3.9 x= 0.9
3.8 x B.%%
3.5 x 0.9)
3.8 x 0.9

{3.8 x 0.9)

+Velocities averaged to deternine protectice ballistic lieit awd sgecific limit energy.
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II. Firing against 172 Inch Homoge..eocus Armor

Firing vs Plate No. 23 (302 to 311 Bhr) at 45° Obliquity

++Velocities zvereaged to deisrmine the protectio

Striking
Velocity Results
{ fps) Plate Project: e Scoop
AP
1985 CP( AP)-PO Sh-Fr-LS (1.3 x 0.9)
1936+ CP( AeF) -TC Sh-Fr-1S (1.3 x 1.0)
1876+ PP -MB Sh-Fr-LS (1.2 x 0.9)
1705 PP-MB BI 3/5-NI 2/5-Fr (2.8 x 1.0)
PBL = i905
FAD
1584 CP(AP)-FO SNR (1.5 x 1.0)
1497 CP(AXP)-PO st (1.5 x 1.0)
1435 CP(AXP)-PO ST (1.4 x 0.9)
1408** CP(AMP)-FO SI (1.4 x 0.9)
1363%* PP-MB sI (1.4 x 0.9)
135477 CP(ASP) -FO SI (1.4 x 0.9)
1274° PP-LB SI (1.4 x 0.9)
1254 PP-MB SI (1.3 x 0.9)
1170 PP-SB SI (1.2 x 0.8)
PFBL © 1350

*Bracketing velocities used to caleculate protection ballistic limits end specific liamit encvrgies.

n belliatic limit and specific limit energy.
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1i. Firing against 1/2 Inch Homogeneous Armor (Count'd)

Firing vs Plate No. 23 (302 to 311 Bhn) at 45° Oblijuity (Cont'd)

Striking
Velocity
(ips)

]

ainst 58 inch

Results
Plate fﬂf_til_e Scoop
FAPT
CP(AMP)-PO SI (2.2 x 0.9)
CP( ARP)-PO ST (1.8 x 0.9)
CP(A&P)-PO SI (1.9 x 0.9)
P(AY-PS SI-Slight Fr (2.2 x 0.9)
PP-LB-Ck S1 (1.8 x 0.9)

PBL = 1520

Hlomogeneous Armor

A. Firing vs Tlate No. 29 (311 Binm) at 0" Obiiquity

1558
1533*(Fig 17)
1515%({Fig 17)
1490

1426

“Bracketing velocities used to calculate prorection baliistic

AP
CP(NI)-BPO
CP(NI)-BP
CP(A)-EPS
CP(A)-BP'S
CP(A)-BPS

PBL = 1525

32
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ITI., Firing against 578 Inch Homogeneous Armor (Cont'd)

A. Firing vs Plate No. 29 (311 Bhn) at 0° Obliquity (Cont’d)

Striking
Velocity Results
(ips) Plate Projectile
Eﬁ’
1603 PP-SB Sh-Fr-LS
1410 PP-SB Sh-Fr-LS
1160 (Fig 8) PP-SB Sh-Fr-LS
1090*(Fig 8,17) CP(A&P)-PC ST
1040+ PP-MB-Ck SI
1036 (Fig 8,17) PP-MB-PS S1
1025 PP-SB Sh-Fr-L3
PBL = 1058
FAP
1460 P { &P)-oF SI
1430#(Fig i7) CP(NI)-BP SI
1425%(Fig 17) CP(A)-BPS SI
1382 CP(A)-BPS Sl
1347 CP(A)-BPS SI
PBL = 1425

*Bracketing velo~ities veed to calculate protection bailistic limits and specific limit energies.
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III. Firing against 5/8 Inch Homogeneous Armmor (Cont'd)

B. Firing vs Plate No. 29 (311 Bhn) at 30° Obliquity

Striking

Velocity Results

%) i fhojrel flc Scoap

AP
1752 CP(NI)-P0D S1 (1.4 x 1.0)
1700+ CP(NI)-PO SI (i.4 x 0.9)
1660+ CP(A)-PS SI (1.5 x 1.0)
1657 CP(A)Y-PS SI (1.4 x 1.1)
1617 CP(A)-PS SI (1.6 x 1.1)
1580 CP(A)-Ps SI (1.5 x 1.0)
PBL -~ 1630
FA
1660 CP(AKP) -PO SI (1.3 x 1.1)
1600 CRORETN B0 SI (1.3 x 1.0)
1575 PP-P3 BI 3/4-Sh-LS (1.0 x 1.0)
1525 CP(A&P)-PO SI (1.2 x 1.0)
1470 CP(ASP)-PO SI (1.2 x 1.1)
1443+ CP(A)-PS SI (1.2 x 1.0)
1395 CP(A)-PS SI (1.2 x 1.C)
PEI. = 145§

*Bracketing velocities used tv calculute protection ballistic limits and specific i1imit energies.
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B. Firing vs Plate No. 29 (311 Bhn) at 30° Obliquity (Cont'd)

Striking
Velocity Resulbx
( fps) Plate Project_x_'ie_ icoop
FA_PT
1658 CP( AP)-PO SI (1.4 x 1.0)
1587 CP(AP)-PO SI (1.7 x 1.0)
1570* CP(A28FP)-PO SI (1.7 x 1.0)
1524+ PP-PS Bl 1/2 (1.6 x 1.0)
1512 PP-PS BI 1/2-N1 1/2-Fr (1.6 x 1.0)
. 1455 PP-MB-Ck SI (1.6 x 1.0)
PEL = 1845
- C. Firing vs Plate No. 29 (311 Bhn) =¢ 45> Obliquity
AP
) 2425 CP(ANP)-PO Sh-Fr-LS (1.5 x 1.1)
2392 CP( ALP)-PO Bl 1/3-Sh-Fr-LS (1.5 x 1.1}
2372 CP( A&P)-FO Sh-Fr-LS (1.4 x 1. 1)
2343+ CP/ 280} -T0 BY 1/3-Sh-Fr-LS (1.4 x 1.1)
2305* PP-LB-Ck Sh-Fr-LS (1.4 x 1.0)
2200 PP-.LB-Ck Sh-Fr-LS (1.3 x 1.0)
PBL - 2340
. *Bracketing velocities used to calculate protection bsltiztic liw.ls and enecific limit energies.
35
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I1I. Firing against 5/8 Inch Hunogeneous Armor (Cont’d)

C. Firing vs Plate No. 29 (311 Bhn) at 45° Obliquity (Cont‘d)

Striking
Velocity
(fps)

20690
i825
1777+
1717+
1600

D. Firing vs Plate No.

3%
o
(M)

2540
2518+
2465*
2416
2274

Plate

CP(AP)-PO
CP(A8P)-PO
CP{ A&4P) -FO
PP-LB-Ck
PP-LB

Ll

PBL =

CP(ARP)-PO
CP(AYP)-PO
CP(AKP)-PO
CP(A)-PH
PP-LB-Ck

PRI

FAPT

Results
Projectile

SI

SI
SI
St

1745

SI
Sk
SI
SI

. = 1980

21 (311 Bhn) at S5° Obliguity

AP
CP(A&P)-PO BI 1/3-Sh-Fr-LS
CP(ARP)-PO BI 1/4-Sh-Fr-LS
CP(A&P)-FO Sh-Fr-LS
PP-LB-Ck BI 1/3-Sh-Fr-LS
PP -LB-Ck Sh-Fr-LS
PP-MB Sh-Fr-LS
PBL = 2490

Scoop

(1.9
(1.7
(1.5
(2.0
(1.7

(1.6
(1.8
(1.9
(1.8
(1.8

(2.0
(1.8
(1.6
(1.7
(1.9
(1.8

x

x

x

x

x

X

x

x

X

X

x

x

*Bracketing velocities used to calculate protection ballistic iimta and apecific iimitc
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1.1)
1.0)
0.9)
1.0)
1.0)

1.0
1.0)

1.0)
0.9)

1.0)
1.0)
1.0)
1.0)
0.9)
0.9)

cnergica.
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III. Firing against 5/8 Inch Homogeneseows Armor (Cont'd)

D. Firing vs Plate No. 21 (311 Dthn) at 55° Obliquity (Cont’d)

Striking
Velocity Results
( fps) Plate Projectile Scoop
FAP
2353 CP(/&P)-PO SI (2.4 x 1.1)
2313* P(A&P)-PO SI (2.3 » 1.0)
2264» CP(A)-PH SI (2.3 x 1.0)
2163 PP-LB-Ck SI (2.3 x i.0)
PHL = 2290
FAPT
2408 G (AP) -PO SI (2.3 x 1.0)
2315* CP(&P)-PO SI1 (2.2 x 1.0)
2286* CP(A)-PS s {201 = 2445
2286 PP-LB-Ck BI 3/5-Fr (2.3 x1.0)
2200 ri'-LB SI (2.1 x 1.1)
PBL = 2300
E. Firing vs Plate No. Z1 (311 Bn) st 60° Coliquity
ﬁf
28564 CF (il ) -FO Sh-Fr-L5 (7.2 x 1.0)
2845 CP(AP)-FO Sh-Fr-LS (2.2 x 1.0)
2808 oo(Aary-Pe SI 2/5-Sh-Fr-L {2.3 x 1.0)
2764* PP-LB-Ck Sh-Fr-LS (2.3 x 0.9)
2640 (Fig 14) FPP-LB-Ck Sh-Fr-L§ (2.3 x0.9)
FBL = 278§

*Bracketing velocities used to calculste protection ballistic limits snd specific limit energies.
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ITI. Firing against 5/8 Inch Homngeneous Armor (Cont'd)

E. Firing vs Plate No. 21 (311 Bhn) at 60" Cbiiquity (Cont'd)

.

Striking

Velocity Reosults

_ (fps) :”_Iﬁ Project_il_e ‘Ef?ﬁ

FAP
2595 (Fig 2, CP(A)-FO SI (2.5 x 1.1)
2615 (Fig 14) CP(A%P)-PO 3 (2.8 x 1.1)
2588+ CP(AP)-PO SI (2.8 x 1.1)
2534+ CP(})-FH s (2.8 x 1.1)
2506 PP-LB ST (2.6 x 1.1)
2345 PP-SB SI (2.8 x 1.1)
PHL = 2560
FAPT
2702 AP -P0 BI 2/5-Fr (2.7 2= 1.1)
2663 CP(ANP)-PO S1-Ck (2.6 x 1.0)
2628 TA-PC Fr (2.8 x 1.1)
2617*(Fig 14) CP(A&P)-PO SI-Ck (2.6 x 1.1)
2589+ PP-LB-Ck S1-Ck (2.2 x 1.1
2577 CP(A:-PH SI-Ck (2.€£ % 1.0)
2505 P AP)-PO SI (2.6 x 1.0)
2482 CP(A)-PS ST (2.6 x 1.0)
2400 FP-LB-Ck SI-Ck (2.6 x 1.0)
PBL = 260§

*Brascketing velocities used to cslcviste proiection ballistic limits snd specific limit energiex.
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I1I. Firing against 5/8 Inch Homogeneous Armor (Cont'd)

F. Firing vs Plate No. 22 (302 to 321 Bhn) at 70° Obliquit:

Striking
Velocity Results
( fps) Plate Projectile Scoop
AP
3530 CP(A&P)-PO Sh-Fr-LS (2.6 x 1.1)
3605+ CP(A&P)-PO Sh-Fr-LS (2.5 x 1.1)
3602+ PP-LB-Ck Sh-Fr-LS (2.9 x 1.1)
3591 FP-LB-Ck Sh-Fr-LS (2.& x 1.0)
35065 FP-LB BI 1/3-Sh-Fr-L§ (3.0 x 1.0)
' 3403 PP-MB Sh-Fr-LS (2.5 x 0.8)
‘ 3303 PP-MB Sh-Fr-LS (2.7 x 0.9)
. PBL = 3608
FAP
3464 FP-MB Sh-Fr-LS (2.3 x 1.0)
32300 PP-LR Sh-Fr-LS (2.4 x 1.1)
3055 FP-SB Sh-Fr-LS (2.3 x 0.9)
PBL > 3465

*Bracketing velocitias used to calculate protection balliatic limits and specific limit energiea.
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II1. Firing against &/8 Inc

F. Firing vs Pliate Mo. 22 (302 to

Striking
Velocity
( fps)

3382
3315
3240+
3219+
a4
3145
2994
2884

CONFIDENTIE]

h Homngeneons Armor (Cont'd)

321 Bim) at 707
Results
Plate Projectile
FAPT
CP(AXP)-PO Sh-Fr-LS
CP( AXP)-PO Sh-Fr-LS
CP(AXP)-PO Sh-Fr-LS
rP-LB Sh-Fr-1S
PP-PS Sh-Fr-LS
PP.PS Shi-Fr-LS
PP-PS Sh-Fr-L
PP-SB SI
PBL = 32

IV. Firing agairst 3/4 Inch Homogeneous Armor

A

2432
2358
2320*(Fig 4)

2167

2027 (Fig 4)
1933 (Fig 4)
1825%(rig 4)
775*(Fig 4)

A. Firing vs Plate No.

CF(NI)-BP
(P(A&P)-PO
CP(A&P)-FO
PP-PS
PP-LB-Ck
PP-MB
CP(NF)-BPO

CP(A&P)-BPO

CP(A)-BPS

AP

43 {302 Bhn) at 3C° Ohliquity

sI
BI 3/5-Sh-Fr-LS
Sh-Fr-LS
Sh-Fr-LS
Sh-Fr-LS
Sh-Fr-LS

BI 3/5-N1 2/5-Fr

"
>

w
b

PBL = 1800; 2295

*Bracheting velocities used to calculute protection ballistic limits and specific limit
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; {(Cont'd)}
Scoop
(2.7 x 1.2)
(2.4 x 1.2)
{2.3 x 1.1)
(2.9 x 1.1)
(2.4 x 1.2)
(2.5 x 1.0)
(2.3 x 1.1)
(3.4 x 1.0)
1.5 % £.2)
(1.5 x 1.2)
(1.9 x 1.2)
(1.9 x 1.2)
(2.0 x 1.2)
(2.0 x 1.1)
(1.6 x 1. 1)
(1.5 x 1.1)
(1.7 x 1.0)

energies.
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IV. Firing against 3/4 Inch Homogeneous Ammer (Cont'd)

A. Firing vs Plate No. 43 (302 Bhn) at 30" Obliquity (Cont'd)

Striking
Velocity Results
( frs) Plate Projectile Secncp
FaP
1700 CP( AP) -PO SI 1.4 ¥ 1.1)
1666* CF{A&P) -PO SI (i.4 x 1.0)
1638* PP-LB-Ck SI (1.5 x 1.1)
1603 FP-LB-PS 1 (1.3 x 1.0)
PBL = 1650
FAPT
1945 CP(AXP)-PO SI (1.9 x 1.0)
1866 CP(AXP) -F0 <1 (1.8 x 1.0)
1794+ CP(A&P) -PO SI (1.6 x 1.1)
1781» PP-MB SI (2.2x 1.1)
1730 FP-MB SI {1.8§ 2 1.0)
POl = 1790
B. Firing against Plate No. 43 (302 Bim) at 45° Obliquity
AP
2621 CP( AXP)-PO BI 1/3-Sh-Fr-LS (1.7 x 1.3}
2570 (F"(A)-kn Sh-Fr-LS (1.€ =2 1. 2)
2508 CP( NP> -FC Sh-Fr-LS (1.5 x 1.0)
2449* CP( A&P) -PO Bl 2/5-Sh-Fr-LS o4 x 323
2402* PP-LB BI 2/5-Sh-Fr-LS (1.5 x 1.1)
2342 PP-MB Sh-Fr-LS (1.5 x 1.2)
2200 FP-SB Sh-Fr-LS (1.4 x 1.2)
PBEL = 2425

*Yracketing velocities used to calculate protection ballistic !imits and specific limit energius.
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E. riring against Plate No. 43 (302 Bhn) at 45° Obliquity (Cont'd)

Striking
Velacity Results
{ fps) Plate Projectile _Scoop
m
2346 CP(A%P)-FO SI-Ck (1.9 x 1.1)
2225 CP(AP)-PO SI (2.0 x 1.1)
2118+ CP(ASP)-PO SI (1.9 x 1.1)
2053+ PP-LB SI (1.9 x 1.1)
2005 FP-LB SI (1.9 x 1.1)
PBL = 2085
L. al)
2612 CP(N1)-PO SI (1.7 x i.1)
2438 CP(A™P)-PO R (1.7 x 1.0)
2325 CP(ALP)-PO SI {1.7 x 1.1)
2184+ P( ARl )-FP0 Si (2.0 x 1.1)
2138 P(A)-PS SI (1.9 x 1.0)
2150 PP-MB SI (2.1 x 1.1)
2072 PP-MB SI (2.1 x 1.2)
PRL = 2170
*Bracketing velocities used to cslenlate provsction bellistic limits and specific limit

42

CONFIDENTIAL

snergies,



Pran B

CONFIDENTIAL

IV. Firing against 3/4 Inch Homogeneous Armor (Cont'd)

C. Firing vs

3295**
3195**
11407
2925
2890
2835
2815
2805
2660
2535

e — T e e e e —

+riring vs Plate No. 38 (293 tc 302 Bhn).

{302 Bhn) at 35° Obliguity

Y
4

®

Results
Plate Projectile

AP
CP(A&P)-PO Sh-Fr-LS
CP(AXP) -PO Sh-Fr-LS
CP( AkP)-PO BiI-Sh-Fr-LS
PP-LB-Ck Sh-Fr-LS
PP.1B Sh-Fr-LS
PP-MB Sh-Fr-LS

PBL = 2955

FAP
CP( AXP)-PC BI 1/3-Sh-Fr-LS
PP-1B BI V/2-Sh-Fr-LS
PP-LB-Ck Sh-Fr-LS
PP-LB BI 1/4-Sh-Fr-LS
FP-MB Sh-Fr-LS
PP-\B Sh-Fr-LS
PP-LB-Ck Sh-rFi-LS
PP-LB-Ck SI-Ck
PP-LE SI
’r-MB SI

a

PBL = 3245

Scoop

(1.9
(1.9

(1.9

>

(1.
(2.

N

(2.0

(2.0
(2.1
(2.1

(2.1

(2.7

x 1.2)

x 1.3)

x 1.2)

x 1.4)
x 1.3)
x 1.3

x 1.3)

[

.2)

*Bracketing velncities uscd %0 calculate protection halliatic limita und specific limit energizs.
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IV. Firing ageinst 3/4 Inch Homogeneons Armor {Cont'd)

sﬁ

Firing vs Pliate Ne. 34 (302 Bhn) at 533° Ghiiaquity (Ceont’'d)

Striking

Velocity Results
( fps) Fiate Projectile Scoop

FAPT
2885 CP(AP)-I0 SI (2.5 x 1.0)
2800+ CP(AP)-PO BI 1/3-Fr¢ (2.5 x 1.1)
2760+ PP-LB SI-Ck (2.5 x 1.1)
2705 CP(A)-PS Fr (2.6 x 1.2)
2655 FP-LB BI 3/4-Fr (2.6 x 1.1)
PBL = 2780

Firing vs Plate No. 34 (302 Bhn) at €0° Obliquity

AP

3235 CP( A%P)-PO Sh-Fr-LS (2.1 x 1.2)

3213* CP(Aar’) -FO Sh-fr-LS (2.3 x 1.1}

3170 PP-LB-Ck Sh-Fr-LS (2.3 x 1.3)

3155 PP-LB-Ck Sh-Fr-LS (2.4 x 1.2)

3000 PP-LB Sh-Fr-LS (2.0 x i.1)
PERL = 3190

*Bracketing velocities used to calculate protection ballistic limits and specific limit
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D. Fir.ng vs Plate No. 34 (302 Bhn) at 60° OLliquity (Cont'd)

Striking

veiovcity Results
( fps) Plate Projectile _Sc_o_oE
i3
3420 PP-LK BI 2/5-8h-Fr-LS (2.3 x 1.3)
2400 PP-LB-Ck BI 1/3-Sh-Fr-LS (2.4 x 1.3)
3304 rr-LB BI 2/3-5h-LS (1.9 x 1. 1)
3051 PP-SB Sh-Fr-L8 (2.1 x 1.3)
2938 PP-MB Sh-Fr-LS (2.1 x 1.3)
2905 FP-MB SI-Ck (2.1 x 1.2}
2848 FP-MB Bl 2/5-Sh-Fr-LS (2.4 x 1.2}
2835 -2 SI (3.0 x 1.2)
2780 PP-MB SI (3.1 x 1.1)
PBL > 3420
EéBI
3330 CP(A&P)-FO Sh-Fr-LS (2.6 x 1.3)
3256 CF(NS)-PO Sh-Fr-LS (2.2 x 1.5)
3190 CP(NS)-PO Sh-Fr-LS (2.2 x 1.3}
3i00* CP(N3) -PO Sh-Fr-LS (2.1 x 1.3)
3032* CP(A)-PH S1-Ck (2.8 x 1.2)
2950 FP-LB S51-Ck (3.9 x 1.2)
PBL. = 3065

*Brecketing velocitics used to calculate protection baliistic limits and specific 'imit energies.
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A. Firing vs Plate No. 48 (302 *o 311 Bhn} at 30° Obliquity

Striking

Veloci ty Results

—(_fps) . E.ti Projectile Scoop

£
2830 CP(NS)-PO Sh-Fr-LS (1.6 x 1.5)
2778 CP(NS)-FO Sh-Fr-L8 (16 x 1.6)
2717 CP(A&P)-FO BI 2/5-Sh-Fr-LS (1.5 x 1.4)
2690 (P(A)-PS BI 2/5-5h-Fr-L3 (1.5 x 1.3)
2674 CP(AP)-FO Sh-Fr-LS (1.5 x 1.4)
2602+ CP(ALP)-PO BI 2/3-Sh-Fr.l8 (1.5 x 1.2)
2543= Fr-LB-Ck Bl 2/3-Sh-Fr-LS (3.5 x 1.4)
2457 Pp.1p BRI 2/3.Sh-Fr.l8 (1.8 x 1.3)
2303 PP-SB Sh-Fr-LS (1.4 x 1.4}
2121(Fig 13} Pr-S8 -Fr-L8 (1.% x 1.2)
PH., = 2570

“Dracketing veiccities used to cslculate protection ballistic limits and sperific limit energics.
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Firing egainst 7/8 Inch Homogerieous Armor (Cont'd)

A.

Firing vs Plate No. 48 (302

Striking
Velocity
(fps)

3182*
a1g0**
3098**
3068*
2116(Fig 10)
1980(kF1g 10)
1865(Fig 10)
1825¢Fig 10)

1585

2443

2168
2153*(Fig 13)
2100*

2043

1885

+Firing vs Flate No.

Plate

CP(ASP)-PO
CP(ALP)-PD

PP-LE-Ck

PP-LB-PS

PP-SB BI
PP-SB BI
PP-MB

PP-LB

PP-MB

PRL 2 3140

FAPT
CP(NS)-FO

Cr( AXP)-PO BI
CP( AuP) -PO BI
PP.LB-Ck Bi
PP-LB-Ck

FP-SB

50 (302 to 31) Bhnj.

Kesults

Projectile

Sh-Fr-LS
Sh-Fr-18
Sh-Fr-LS
Sh-Fr-LS
/3-Sh-Fr-LS
2/3-Sh-Fr-LS
Bl 2/3-Fr
SI

SI

Sh-Fr-LS

3/4-Sh-Fr-LS

2/3-Fr-18

2/3-Fr-LS
Fr

BI 1/3-Fr

to 311 Bhn) at 30° Obliquity (Cont'd)

Scoop

(1.9

(1.8

(1.7

(1.3

(2.1

«

*Bracketing velocities used to calculate protectiuan hallistic limits and specific limit
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Firing against 7/8 Inch Homogeneous Armor (Cont’d)

B. Firing vs Plate No. 47 (302 to 306 Bhn) at 45° Obliquity

Striking
Velccity
(fps)

3040
3038
3018+
3000*
2980
2810

2575

3495+
3460%"

3235°

313s*

2596
2571(Fig 11)
2553(Fig 11)
2546

2441

+Firing vs Plate No.

*Cracketing velocitiea used iu calculete protection b.llistic limits and apecific liwiec

Results
Plate Projectile
AP
CP(NS)-PO BI 1/2-Sh-LS
CP(NS)-FO Sh-Ls
CP/A&P)-FO Sh-Fr-LS
Fr-i8-r3 BI 2/5-Sh-Fr-LS
PP-LB-Ck Sh-Fr-LS
PP-LB-Ck Sh-Fr-LS
-3 BI 1/4-Sh-Fr-LS
PBL = 3010
FAP
CP(A&P)-PO Sh-Fr-LS
PP-LB-PS Sh-Fr-LS
PP-LB-Ck BI 2/5-Sh-Fr-LS
PP-LB-Ck BI 2/5-Sh-Fr LS
PF-3B Sh-Fr-LS
PP-SR Sh-Fr-LS
PP-13-13} SI
PP-SB Sh-Fr-LS
PP-LB SI-Ck
PRL 2 3430

50 (302 to 311 Bhn).
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Sccop
(1.7 x 1.4)
(1.6 x 1.4)
(1.7 x 1.3)
(1.7 x 1.3)
(1.8 x 1.3}
(1.9 x 1.3)
(1.7 x 1. 8)
(1.8 x 1.3)
(1.8 x 1.4)
(1.8 x 1.5)
(1.7 x 1.4)
(1.9 x 1.9)
(1.6 x 1.5)
(2.4 x 1.1)
(1.7 x 1.6)
(2.2 x 1.2)

encigies.



V. Firing against 7/8 Inch Fomogerecus Arrer (Cont'd)

B. Firing vs Plate No. 47 (202 to 306 Bhn) at 45° Obliquity (Cont’d)

Striking

Velocity Results
(fps) 2late Projectile ch(_)_x_:

i
2960 (Fig 12) CP(NS)-PO BI 1/3-5h-Fr-LS (1.9 x 1.2)
2780 (Fig 12) CP(ARP)-PO BI 1/2-Sh-Fr-LS (1.8 x 1.2)
2690 (Fig 12) CP(AXP)-PO Fr-Sh (1.8 v 1.2)
2600 (Fig 12) CP(ASP)-PO SI (1.9 x 1.1)
2545* CPAspy-r2 Fr-Sh (2.0 x 1.2
2527+ CP(A)-PS Sl {2.0 x 1.1)
2450 FP-LB-Ck rr (2.0 x 1.2)
FBL = 2535

C. Firing vs Plate No. 47 {302 to 306 Bhn) at 55° Obliquity

AP
3543 CP(NS)-PO Sh-Fr-LS (2.1 x 1.6)
3498%(Fig 16) CP(NS)-PO BI 1/2-Sh-Fr-LS (2.3 x 1.5)
3467+ CP(A)-PH BI 1/2-Sh-Fr-LS (2.2 x 1.4)
3442 (Fig 16) CP(A)-PH Sh-Fr-LS (2.0 < 1.5)
3405 PP-LK-Ck Sh-Fr-LS (2.2 x 1.4)
2393 PP-LB-Ck Sh-Fr-LS (2.2 x 1.4)
3333 PP-MB Sh-Fr-LS (2.5 x 1.3)
1298 PP-LB-Ck BI 1/3-Sh-Fr-LS (2.0 % i.4)
3298 CP(AXP)-PO BI 1/3-Sh-LS (2.0 x 1.5)
3130 (Fig 15) PP-MB Sh-Fr-LS (2.2 % 1.3)
2827 FP-3R BI 1/3.Sh.Fr.L§ (1.9 x 1.3)
PBL = 3430

*Rracketing veincities used to calculate protection baiiiscic limits and specific limat energies.
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Firing agaiast 7/8 Inch Homogeneous Armor {Cont’d)

C:

D.

Striking
Velocity

{fps)

3396"

3330
3120 (Fig i5)
3075+
3029¢(¥ig 16)
3003
2966
2872
2844

Results
Plate Projectiie
FAP
PP-MB BI 1/4-Sh-Fr-LS
PH. > 3400
FAPT
CP(ALPY PO Sh-Fr-LS
C2(A&P)-PO Sh-Fr-LS
CR{ ARy -PD Sh-Fr-LS
PP-LB-Ck Sh-Fr-LS
FP-MB BI 1/3-8Sh-Fr-LS
PP-LB SI-Ck
PP-LB-Ck S1-Ck
FP-MB SI-7/8-Fr
PBL = 3050

CP(AP)-PO
CP(A)-PS
PP-LB
PP-LB-Ck
PP-LB
op.p]

+Firiug vs Plete No. S (202 to 311 Bhn).

*Rearlating velocitien used to celcuiate protection bailistic limits and speciiic lamit
e P p

AP

50

Firing vs Plate No. 48 (302 to 311 Bhn) at A0° Obliquitiy

Sh-Fr-LS

BI 1/3-Sh-Fr-LS
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(2.

~N O N

> oW

Firing vs Plate No. 47 (302 to 306 Bhn) at 55° Obliquity (Cont’'d)

Scoop

]

(%)

o O

o<}

w W =)

N

1.3)
1.3)
1.2)
1. 1)
1.3)

1.2)

energies.
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V. Firing again:t 7/t Inch Homogeneous Armor (Cont'd)

D. iiring vs Plate No. 48 (302 to 311 Bhn) at 60° Obliquity (Cont’d)

Striking

Velocity Results
(fps) -Plate_ Projectile Scoop

.F_’-‘P_T
3672+ CP( A& )-T0 Sh-Fr-1.8 (2.5 x 1.4)
3667* FP-LB-Ck Sh-¥Fr-LS (2.5 x 1.5)
3633 CP(A)-IS Sh-Fr-LS (2.4 x 1.3)
3612 PP-LB-Ck Sh-Fr-LS (2.2 x 1.4)
3570 PP-LB-Ck Sh-Fr-LS (2.7 x 1.5)
3438 PP-LB-Ck Sh-Fr-LS (2.1 x 1.2)
3250 PP-LB Sh-Fr-LS (2.4 x 1.2)
PBEL = 3670

V1. Firing against 1 Inch Homogeneous Armor

A. Tiring vs Plate No. 26 (302 Bhn) at 0° Obliquity

AP
2191 CP(NI)-BP-FP sI
2085 CP(NI)-BP-F¥ SI
2080 (NI) -B-5F s1
2032+ . CP(A)-Ck-FP SI
1918 LI A) -Ck-FP s1
PBL = 2055

g

*Bracketing velocitics uaed to cricuiate prozzczien ballistic limits and specific liwit eneigies.
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VI. Firing sgainst 1 Inch livmugeneous Armor (Cont'd)

A. Firing vs Plate No. 26 (302 Bhn) at 0° Obliquity (Cont'd)

Striking

Veloci ty Results

e e laise Aikojeciile Scoop

FAP
3410 CP(NS)-PO Sh-Fr-LS
3320+ CP(NS)-FO Sh-Fr-LS
3230% PP-LB-PS Sh-Fr-L$
2888 PP-LB-Ck Sh-Fr-LS
ve 2 3265
FAPT
3225 (P(NS)-PO-FP Bl 2/3-She-Fr-LS
3085 CP(NS)-PO-FP Sih-Fi-LS
2771 CP(NS)-FO Sh-Fr-LS
2542 CP(NS)-20 Si 7/8-5h
2165 CP(NI)-BP-FP SI
2137+ CP(NI) SI
2080+ CP(A)-BPS SI
2028 CP(A)-Ck ST
1004 Pr.LB-Ck-FP S1
1745 PP-MB-FP Sy
PAL = 2110

*Bracketing 7elociiies used to calculate protection baisistic limits and spscific limit energics.
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VI. Firing against 1 Inch Homogeneous Armor (Cont'd)

B. Firing ve Plate No.

Striking
Velocity

iRy

{fes)

. 2940
2856*
2794+

. 2727

~

C. Firing vs Plate No.

-

25 (302 bha) at 45° Obliquity

Resazlts

Plate Projoctile
AP
CP(NS)-PO Sh-¥r-LS
CO(RG)-TC BI 1/3-Sh-Fr-LS
PP-VLB-Ch BI 2/5-Sh-Fr-iL8
P-vL3-Ck Sh-Fr-1S
Fr-i.B-Ck th-Fr-LS
PBL = 3435
EAET
CP(NS)-PQ Sh-Fr-LS
CP(A&F)-PO BI 1/2-Sh-Fr-LS
PP-PS Bl i/3-Sh-Fr-LS
PP-LB-PS Bl 9/10-Fr
PHL. = 2825

26 (302 Bhn) at 55° Obliquity

%
Fo-L0- Sh-Fr-LS
PP-LB-Ck BI 1/3-Sh-Fr-LS
FP-LB-Ck Sh-Fr-LS

PBL > 3645
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*Brecketing velocitics used to calculate protection baliistic limita and specific liamit
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Yi, Firing against 1 Inch Homogeneous Armor ‘Coni'd)

C. Firing ve Plate No. 26 (302 Bhn) at 55° Obliquity (Cont'd)

Striking
Veiocity Results
(fps; _ Plate Frojectile Scoop
FAPT
2ggst PP-LB-BSS Sh-Fr-LS (2.4 x 1.6)
36561 CP(A&P)-PO Sh-Fr-LS (2.4 x 1.5)
3645 CP(A&P) -PO Sh Fr-LS (2.3 x 1.4)
3608 PP-LB-Ck Sh-Fr-LS (2.2 x 1.5)
3603%* PP-LB Sh-Fr-LS (2.% x 1.5
35857 CP(AMP)-PO Sh-Fr-LS (2.3 x 1.4)
3524 PP-LB-Ck Sh-Fr-LS (2.1 x 1.5)
3423 PP-LB-Ck Sh-Fr-LS (1.9 x 1.4)
3365 PP.LB-Ck Sh-Fr-LS (2.1 x 1. )
3183 PP-SB Sh-Fr-LS (2.1 x 1.6)
a
FBL = 13528

++Velocities averaged to determine thz protection ballistic limit and specific limit energy.
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YIX. Firing against 1 1/8 Inch Homogenecus Armor

A. Firing ve Plate No. 15 (311 to 321 Blm) at 30° Obliguity

Striking
Velocity
{fps)

3405
3340
3297=
3273
3228
3046

2503

*Bracketing velacitisy usea ¢ caliulate protaction ballistic limits and specific limit

CONFIGENTIAL

Results
Flage Vroyeshide
AP
CP (A&P)-8S0 Sh-Fr-LS
CP(AxP) - 250 Sh-Fr-LS
PP-LB-BES Sh-Fr-LS
PP-LR-BSS Bl 2/5-Sh-Fr-LS
PP-LB BI 1/2-5h-Fr-LS
Pr-LB BI 1/4-3h-Fr-L3
r-S8 Sh-Fr-LS
PBL = 3320
FAPT
CP( AxP)-BSC Sh-Fr-LS
CP(RP)-BSO Sh-Fr-1S
Fr -LB-53S Sh-Fr-LS
PP-LB-BSS N-Fr-LS
FP-LB Sh-Fr-LS
PP.MR Sh-Fr-LS
PP-MRB Sh-Fr-1S
PH. = 3108

CONFIDENTIAL
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VII. Firing against ! 178 Inch Homogeneous Armor (Cont'd)

B. Firing vs Plate No. 1§ (311 to 321 Bhn) at 45° Obliquity

Striking
Velocity Resuits
__(_f_ps)r P.‘aﬁ: ﬁ'ojectilc :‘;_c?_o_p
Ll
IRTR CP( AKP)-BS Sh-Fr-LS . (1.9 % 1.7)
2660* CP(NS)-BS BI 2/5-Sh-Fr-LS 1.8 x 1.5)
3655* FP-1.B-BSS Sh-Fr-LS (2.0 x 1.6)
3535 PP-LB Sh-Fr-LS (2.1 x 1.6)
3629 FP-LB BI 1/4-Sh-Fr-LS (2.0 x 1.6)
3607 FP-LB Sh-Fr-LS (1.9 x 1.7)
3586 PP-LB-BSS BI 1/3-Sh-Fr-LS (1.8 x 1.6)
3477 PP-LB BI 1/2-8h-Fr-LS (1.8 x 1.6)
PBL = 3660
FAPT
3650 {r( 2405 -BS Sh-Fr-LS (2.0 x 1.6)
3590+ CP{ AP} - 13 Sh-Fr-LS (2.1 x 1.5)
3557* ?P-LB-PS Bi 1/3-Sh-Fr-LS (2.1 x 1.5)
3541 PP-LB-PS Sh-Fr-1S (2.1 x 1.5)
PRL = 3375

*Brackzting velocities usad to culculate grotection ballistic limits and specific limit energies.
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VIII. Firing against 1 3/8 Inch Hemsgeneous Armor

Firing vs Plate No. 7 (310 Bhn) at 0° Obliquity

Sirtking
Velocity
(fps)_

36311

2669°

2603

Plate

PP-1.B-PS-FFO

CP(A&P)-P0

PP-VLB-FPO

PP-VLB- PO

PP-LB-Ck-FPO

rr-MB

PP-MB

CP(NI )-BSO-FPO

CF(NI ) - BSO-FP

CP(N)-BSO-FY

Fesults
BI 1/3-Sh-18
BRI 2/5-Sh-LS
BI 2/5-Sh-LS
BI 1/3-Sh-Ls
BI 1/3-Sh-LS

Sh-LS

Sh-Fr-LS
SI-Fr-at Nose
SI-Fr-at Nose
Si-Fr-at Nose
BI 1/3-Sh-Fr

81 7/8-Fr

CP(A)-Ck-FP SI
PP-LB-Ck-F? St
L = 2695: 3018

+Firing va Plate No. 8 (311 to 321 Bhn).

*Bracketing velocities uaed to determine protection ballistic limits and specific limit energisa.
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VIII. Firing against ! 3/8 Iinch Homogeneous Armor (Cont’d)

Firing vs Plate No. 7 (310 8m) ot ©“ Obliquity (Cont'd)

Striking

Veloci ty Results

( fps) Piate Projectile E(_?ﬂ’

AP -
3215 PP-3B Sh-Fr-LS
2975 FP-SB Sh-Fr-LS
2695 PP-VvSB Sh-Fr-L5
2250 PP-NB Sh-Fr-LS
FBL > 32i5
FAPT

" 3640 CP( AP -BS0 BI 1/3-Sh-Fr-LS
3640 CP (AP )-BSH Sh-kFr-LY
3625° CP(ALY) - BSO Bi 1/3-Sh-Fr-LS
3605° PP-LB-BSS Sh-Fe-LS
3552 Pr-LB €h-Fr-LS
3375 PP-LB-FSO Sh-Fr-LS
3334 PP-LB Sh-Fr-LS
3144 PP.MB-FSO Sh-Fr-LS
3013 PP-SB Sh-Fr-LS
2713 PP -SB-FFG Sh-Fr-LS
2477 PP-SB-FSO Sh-Fr-LS
2387 PP-SB-FSO Sh-Fr-LS
2271 PP-SB-FSO Si-Fr-LS
2225 P-SB SI
14978 PP-SB SI

*Bracketing vslocities used to calculate protecticn ballistic limit and specific limit energies,
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